<19)H#Sfcff;r (JP) 



<«> & m & fF ^ $g (A> 



Ol)»mtiBi^H!#^ 
#^2002-134709 
(P2002-134709A) 
(43) B ¥/Sl44£ 5 /§ 10 B (2002. 5. 10) 



(51)Inta. 7 
H0 1L 27/105 
G 0 1 R 31/28 
G11C 11/14 
11/15 
H 0 1 L 43/08 



F I 

G 1 1 C 11/14 
11/15 

HO 1L 43/08 
27/10 
G 0 1 R 31/28 



f-73-K(^#) 
A 2 G 1 3 2 
5F 0 8 3 

Z 



4 4 7 



mxmvmo ol (<£ 12 h) 





ft»2001 -225140(P2001 -225140) 


(71)fflJHA 


501209070 










(22) mm a 


¥Jj£l3*F 7 £25B (2001. 7. 25) 












v-ivmnpaam 81669 5a>A> 


(31)«ite*£®## 


1003614 0. 4 




if h > v'a.h^— fe 53 


(32)«$fcB 


¥JE£124£ 7 £25 3 (2000. 7. 25) 


(72)5891* 




(33)«5te*L£3ig 


H-T>y (DE) 




P'TSWHtftlB 82024 








> ^er^^i^ 20 






(72)5g9Mf 










H'fy^^ftH 85579 /flfU^ 








^>t;ior>5^a h^— fe 267— 






(74)«3UA 


100080034 



















(54) CKWO*W] MRAM^tU- ©^^EU— fe)KO*tt«S!!*-5l0a>fc«&«>^t^«J:t^|jfi 



(57) [gft] 

[»*^ai SEffiiS (u i ) -ei±, .* 

--fcJKOigJfiR A • RPli, --b;W*9§Kf£ 
WSfifcv***, SU«0«JEfiS^ (U2) ISISt/tRA 

Jl'rtigK.fc <bfcv>«t/lRA • RP (U 1) CioT, -b 

^rtSKf^ss^sftRA • rp (U2) tiEmt-? 

ffiffi-f-Sr, r 0 J ifctt TlJ -CfB&£:h.&gi£-fc;K?> 

ru i/cii roj t Ltot'j-^^iw 



2.5 
IT 2-0 



13 
1.0 
03 



-J 1 1 1 


MM 


-1 f-T | 1 


ht 




ra y' 








. fc . 


^ RP 


MR 












U2 












^! 










U1_ 










II: J 


1 1 1 1 


I 1 I I , 


-J— 


1 1 i 





20 
15 



10~ 



-0.8 -OS -0.4 -0.2 0.0 0-2 0.4 0.6 0.8 



(2) 



tefia 2002-1 34709 



1 

MRAM>*y-0>*y-*;i/0#flfc« 
R*#$Ofc*!>0#fti;:j3V*-C\ (a) **y--fe;uo 

^BEUiJV^T^^ey — fe^OiEJiatftilR n o r m£tfc 
5EiT£X*ii:, (b) **y-*;i/0«ttil****y-- 
■t;^'t;i/rtSi:J: fJS£$*t&?EEEi;:i$i/*T->< * y 
-*;W0|l!&0&#t1iR (0) fcv^LliR (1) Srft5g 
t^Igi^ (c) Rnorm (0) =R (0) /R n 
o r itk i^LliRno rm (1) = R (1) /Rno 

»fti-4I8i:, (d) Rnorm (0) ^LliRn 
o rm (1) ***tti:ibtti"&xei:, (e) JttfclS 

*k*SI;to Sfcii i t Lrco>-=ey--b;n*i§S:«4n 

**y --t^^TOIW^/^^So 
[W*£2] ±15 (d) Olfili, 

Rnorm (0) ^^LliRnorm (1) Sr. lE&it 
ZtLtz&m&tfcR n o r m r e f = (Rnorm (0) 
ref + Rnorm(l) r e f ) / 2 t Jfctti-&Xg 

±ER norm (0) r e f norm ( 1 ) r 

eff±, 0*v^LtilO[*l#S:<>o^^^ey--tr;i. 
O. _tE (c) OXS^J: 9iEait*iifc«flt«-C*>& 
^<h^1f®^:i-^>li^JSl KEftOMR AM**y-0 

y ^ey --t>i/0**«R*Rf) (Otztixvftmo 

£0. 6Vt0. 8 V<hOP^O«/±T-^;b:ft£^h£4# 
fjc^i-^lt^ffli £fcl±2 i:E«WMRAM>*'J-W 
*^ey -*;uo2M6«R*Kij <otz#><Dj5m 0 
imM&4] ^ j e , ;--fe^o««t«[i±. maro. 2vo 
epiraWE t: is ^ r ate £ ft * £ fc £ 4f ft t + h M * S 1 
a* <b 3 o v>r *i**ue«om RAM^-^y-o^^y- 

>*y-*;w (RZe 1 1 e) UJtteSJu >*y-4r 
;u (RZe 1 I e ) ^IlfiSiWff^tv^ h ^ 
> * Eltt (M 1 , M 2 , C S p e i c h e r ) £^ 

Ltv^ :ts-#gi:t^MR AM>-=ey -o>*y- 

[ft#*6] ±Eh^>v**ES& (MK M2. CS 
peicherl^^^yf (S2) fc^LTMifeif 
«S« (V2) om*»z««Sft"Cv^ii:S:«Fai:i-* 
ff;£S5 £ Eft OMR AM-* ^ 'J -O^^ey -*)V<Di$ 

[H}*JR7] ±E£ftiflSS (V2) OA^ (-) **, 

8uontb4«« (vi) <om^^ais?it. *<ommvg 

MS (VI) OAi^^'J-t^ (RZe 1 1 e) £ 



2 

*kom RAM>*y-o>-=ey--fc juo?MftiSR*% o 

[ft*® 8] ±EH&ftitM8 (V2 f VI) Ofti0 2 

[W**9] ±Eh?>S>**iJtt (M 1 > M2. CS 
p e i c h e r ) ** 2 o<D h ^ * (MK M 2 ) 

ClfKbM b 7 si?*? (MK M2) OV-* • KU>f 

(RZ e 1 1 e) <hm* (Uo u to.i ) tOHUcff« 

OMR AM* ^ey -O^^e'J -4:;uo^BfcJg&R«*3X0 O 

0] i!Wh7>yX^ (Ml. M2) <DY 
-hJST-*** (S2) iS-ttf h7 Vv**[UK 

(MK M2. CSpe i cher) IZ&tfh* ^6 y - 
20 (C S p e i c h e r) 

4i t*«pat 9 *wEftOM RAM - 

<o> y - * ;vo^MR«R*3K 0 ofc»o«s G 
[»woimib*r(P!] 

10 0 0 1 ] 

o > -=e y — t /uo#ai««*«l «9 <Otztb<ryftm& J: tf* 
[0 0 0 2] 

Vfc*<DtfLm MRAM^'J-O^'J-tJW t4 
30 «jK«St**y-*Bll Oi:HISI"C^to -OJ: 

^ fc>*y-« feiW-CHU EttS** 9 £ + ^ 

\zmxhftx^hmmmmu'L 1 -ML2K*»t*« 

[0 0 0 3] >*y--fe;i'*a*K*SSLO 
fiSfb^ML 1 • ML 2 HiSfrt^SS^-^ > 

<*XttZtiZo Mffi^tJiML 1 • ML 2 tzj3»t*«» 

COJA^ii. TMR^ft^: (TMR= [ b > * fr*) > 7 • 
y V- W>7f>f ) SfcHMT J (MT 
J = [7^7^;^ • h > ^ ^ • Vt>^V3>J ) 

[0004] ztuzx *) , ^<^ey --t;uc7)^ ^ey 

ti. ru ^v>li± roj mf*"**4*>*u--fc^ 
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<bi*S££t4$&v^ L^U nj ("0J co« 

^■Jt*Jtli, *107^D-fi:j:41ll|>*ij-t^ 

g2 7-/n-f-<75^S^^Lv^*l±, £gBT-3[I]<0fic 

■fe * Kft 5 1< £ T- * £ o 

[0 0 2 9] JiUtfc ^l«77'D-ff 
fi, 2^<7)^fH^^-X^£-gt ^ 0, ^-LTM^B 
'J --t;vPfl<0Stn;^iii* J /h§ < t 
j& f R#3*t*o ttz, »2<077'n-ftt, -g-ttT-7o 

»t4ilW$W**L<illini3*TL* o tv^£^ 0 

[0 0 3 0] #S§l?j<75l*jgl4, BfgX^-*rt J /JsS <, 
H*W«jrn-t^ri:t;«p|ai*!»^»S4:v», MRAM^ 

SfcK, £©*ft**f¥i-*fc*Oflia (««) Srftflt 

[0 0 3 1 ] 

#J&i?BKjJ^4MR AM^t'J -<D> * U --biV- 
0*S6«R*«l"J03t*0*ffi»i, JSITO** (18) 

t-g-Az-ev**,, 

1-4 *)^S*§tt^v>«JEt-i3V»T, --t;K0IE 
S,^fit«R n o rmSrftjetSo 

(b) >-t'J -•fcfl'OffiSiUta*.* *U — •fe^O-fefl'rtS 
K4 •}J&S£S:tt4«ffi::j3V>t\ * -t 'J — t A-<Of|fSt 
<Oig!ftttR (0) *fc!4R (1) *»3ti-4 6 

(c) Rnorm (0) =R (0) /R norm, £ £: 
liRnorm (1) =R (1) /R nor mW^lCJ: 

4 lEssst® * ffl x tmnwam z mmt-t 4 . 

(d) iESMtSiifclfeiWSStR normref = (Rn 
orm(0) ref+Rnorm(l) ref) /2 
£, Rnorm (0) i tzl* Rnorm (1) ii£&t 

Z> o 

(e) JtKIMtKI&Ct;, 0 £ fc(4 1 i: LT<0> -t V - 

[0032] s*;, 3(t5iw<o«fL7tsi5a<i, jar^ao 

XhZ> 0 -T^t>*>, _tfB (d) Rnorm 

(0) 4v»UiR norm (1) £, IE8.it Z tltzmm 
tgtftR normref = (Rnorm (0) ref+R 
norm(l) ref) /2 tlfcgtSIgi^fV^ 
X i> £ £T, ±|SR norm (0) ref 454 

Rnorm (1) r e f 14, 0 fcv>U± 1 «Ort^«r to 
*i!M*y~fcJWflX ( c ) <7)XStZi t)iE^t$ 

[0 0 3 3] IE^Setffi«oife^»i. ^-t'J -•fcJV- 

Kiitt4 0. 6VtO. 8 V tWiW'g.E.X-'iTfrtLZ, 4 
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[0 0 3 4] ttz* *ftBK4'*4MRAM> i E , J-0 

-•fcA< (RZe 1 1 e) KilfSSrt, * * 'J - -fe ;u (R 
Ze I 1 e) <aiE&«fjL^ri r «#S*tT^4 h 7 
*Hg& (Ml, M2, CSpeicher) 4rtLtv> 
4ff|J5S;"C£>.2> 0 

10 [0 0 3 5] Sfc, £0«ifP«, h 7Vy^^@R 
(Ml, M2, CSpeicher) A*, X-f?f (S 
2) S:A-LT8IHH8» (V2) OlB2jK»tt$*lTV» 
TUV'o £<bt::, 3Ub*MM8i (V2) <OA7J (-) 

a f , buosimhsk (vi) rom*iza»sit^ *<nm 

KliSISS (VI) ^ATJ^^t'J-fe^ (RZe 1 1 
e) fc*tt3itTV»aj: }Kfcje3#LTV»-C& -fcv\, 
[0 0 3 6] i fc, MiftiSliSil ( V 2 . VI) OftlO 2 

iv\ SMC, ±|B h 7 > y'X^iK (Ml, M2, C 
20 S p e i c h e r ) 2 o<9 h 7 V >*X * (M 1 , M 
2) £*L-CV->.& t t i> £*i.e>W h 7 ^V7.9 (M 
1, M2) OV-X • Kl/'f >EIBJ**¥ff t-SiK$nT 
is «9 . f Lt^*'J-tJV (RZe I 1 e) ttUTJ (U 
outo.i) itf>RiTtc#;£-r& £ -5 KfcoTfc>T <> «t 

[0 0 3 7] Jfc, Sh7>-/X? (Ml, M 2 ) <T>Y 
-YHkl-h\ 7*4 (S2) istVF\-?S*J*9Wk 
(Ml, M 2 > CSpeicher) \-& tt-5> > * U - 
* */<v* (CSpeicher) Hiife^ttrv^ 
30 z, x *> \zizfc2itx\,>x t iv, 

[0 0 3 8] *»WO*tt4Jttt*»WOfl|jft»CiJV»"C 

>^;wSj5t<o«tfi;iS»4, >-=eu— feinc#«-r*«ffi»: 

( TlJ T0J UWLTl^C^i S) *t4«JE 

[0 0 3 9] £tLt»iitlz, -ffe<omJEffll^T-»4, MfiS^k 
40 gl-4Jtt-5*SWS¥^fE9!l (R¥ffffiM:o'lt ; antipa 
rallel orientation) UJ3V>T, ^fit(4, iq«(z«it« 
^S^^flBE^iJ (^tfteSo'tt (parallel orientatio 
n) ) lCfcit-2.4 •) ARIif*iv> 0 e^oT, £<0 
^-g-, £<0«)EtCj3V>T, -t;KW4, T0J ^4t/ 

[0 0 4 0] Jil±c0 4Tir, *%^<0^fe(4, 

^fcsssa (uiti-4) fi4, --bJKoest 

Rc (4, --b^rt^^^W^irrtcifc^^nd 4 

2#IK»'<fc*ESU* (U2ti"4) TI4, l^ffi 

so 8lr c li, -b^rt#iccf.i:-c^fii-c-§4 (^fti--&;lg 
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[0 0 4 1] B«LTv>«t < r t j:v»«* 

StRc(Ul) Kiot, -fc/H*iSKJ: 0JK#Sit*« 
8tRc (U2) *rjEaft1-*Cfc*nff*4:ft*- 

hra-ibum-** n\z*ti*ti roj arv»u4 ru 

U *LT, **LKJ:&, nj ifctt TOJ fcLTW 
[0 0 4 2] 

Blffifc-fflnTfiMfflKgiijlil-ao Bill, fiSIC 

ij»t*, --b;ncensn$^-J>«J±v = Voben- v 

untent, * * »J ~fe © W (RP) 4 

tfSfff (RA) b >^^i£8ti:«5*BMia 

J3i0\ ffi&I IKS!**, mffV tSirtJtMR = 
(RA-RP) /RPfc©«IHIMfc*^1-* r 7 7-C* 

So 

[0 0 4 3] ifc, 12 i±s ^v--^©^*:^ 

3bZ> 0 itz. H3I4, «*WUM-*:iEilMt1-*Jta© 
»*Htt«)ltl6«OlHltt«r*-riiMH-C**o 
[0 0 4 4] 14 -HI 6 14, MT J ^*'J — t;v 

*^b*fto«a**-rKwia-c**. a 714, 

nj fiiV TOJ UWi"*iE«fl:at»«-8-UJ:*jE« 
[0 0 4 5] ife, d8li> -t;MI-t©SEIE»'ffc&fc] 

nft*7fi-tmwmx~$>2> 0 $<b.ir, U9i±, -t^m-i-© 

[0 0 4 6] Hue, jt^e'j — t;vt_eniD$tt4SSV 

= Voben-Vunten ^ * V - -fc fr<f> Y > * iU«fifc«3 

Si&fitltR* fc©ffiHH«**i\, -£"C\ Voben(4, 
MA. If. If^miBLi:, -E-LTVunten li, 7 - Kit 

WL (Bio - Hi i#fi?.) <o^)Er-*>^o 
[0 0 4 7] ;«^77i:^t^t:, lit?— 0 . 6 V 

mm iz a it * Jgsttt r a 14, &f ui ©ffi^i ft \z a it 

[0 0 4 8] .Iftl-ttU -1. 0Vt-0. 6Vt«3 

h©«e«#» j3if/, o. 6vii. ov&©m©% 
At mit®<7)R¥ L 'i7frm\zft-?2,t$.tfim) w-ftfrm 

BSl-fcit^ffifitd (sHr»*i:*#-r*«tt;ffi) tit. 15 
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[0 0 4 9] tifc*>> ^EU2 = 0. 2VO*££-|C 
li, RAIiRPi *) i>±£^ 0 ffiot, mEU2co^ 

RA (U2) =RP (U2) +ARt^4. — 
SEU1=0. 6 V©i££-i;:(i, litr, RP (Ul) = 
R A (U 1 ) k%Za 

[0 0 5 0] &W-t*Ui\ *EU2*epiOLrt:*£\ j< 

mffU 1 *epJnLfc»£\ &fUf ©¥*T5^£fcit>*R¥ 
fffl-SlcitLTIi, ^^'J --krt'WlgtfiHiSfcjE&ffc-t 4 

[0 0 5 1 ] -fr-T% *%^<0^-C-li. 1EU 1 ©t 
§ x pt't'J — t^Wffiet'ffiRc (Ul) li, 

-b;l/©i£J5iHlRc (U2) li. -t;H*3^£&fcl"r& (-b 
;urt$i-i£:«i:-c^pT*l) f*iit*i*tLT^ 

& o 

to o 5 2] :io: ^tcj: *k *;i/rtSu4£#r*i£©L 
fflRc (U2) -fe;urt§^»»Sii3fcv^Rc (U 
1) SflBv^TiEafb-CS&o "T^^*>. Rc (U2) / 
20 Rc (Ul) «:J&ai-&£4:rt*-C*&o f IT, 

[0053] r «*©*tti:i »K rK^ 

-e-tt-m roj ij-tcf ru t-ie^^^^^ 

-t;u^-t;n*3S*. nj TOJ t Ltttft-C* 

-So 

30 [0 0 5 4 ] C^yn-bx^, SStnlR* 

»«EVWat'/n > h L/:i2i:i ^ , SJS» L < 
M^i">S>o Sr. IE&}g#tfiiR n o r mt, Wx.lf, m 
JEU1 = 0. 6 Vtci5V>T^[ffiL. t*#r^o m 
jEU2 = 0. 2VCi3V^T, Stnl^fiR (0) fe^vMiR 

(1) *to«fe^rtS«r. ffi^WBOE^tT (R (1) ) 
^^^vMi^pfi 1 (R (0) ) ^ffitCXEtTftjer&o 

[0 0 5 5] ^-O^. R n o r mU^tr^. R (0) 
>6V>{i:R ( 1 ) (DJEmtZff To r^t>*,. Rnorm 

(0) =R (0) /Rnorm^v^L(± Rnorm 
40 (l)=R (l)/Rnor mtfl&lSLZtiho 

[0 0 5 6] ^(D&t^ Rnorm (0) ^V^LIiRn 
o rm (1) t, S*«'J-^M, ^tmj&Ztltz 
&rgt&fjLHtL Rnormref = (Rnorm (0) re 

f+Rnorm (1) ref) /2i <Dlt&tftiL < o ft 

ti:, dojtttott*t Lt, roj *fc(4 ru tL 

[0 0 5 7] aT^H3^)jttt«l«:tor»iE 

r * ^ mEu i • u 2 n^tt^ 

50 [0 0 5 8] *«9!^*ttl±#KJaTOflJ.£ 
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[0005] mitmui i • ml 2 \z&itz>m^-* 
m\z^ ~t)U(omitmML 1 ■ ml nzwt z>m 
m^i^* tf >^££flsfflu*crv*Tv*a 0 r&^j 

fcLH*»r (Traverse) § £ £ b Z> fztb Kffi 

v*T*6c 

[0006] itsi-^zztiz^ mmmML 1 • ml 

itmit, ^oa^tJSO±TtCi3V^T7- KUWL • If ? 
h«lB LUSSfi&Wati:: J: 0 £*ffi 3 ft.*/h* v*«|^ic 

iot -E-^ass*-* > hizx&mizmmztiz «t -5 

[0 0 0 7] ttz, ***)-*)l>Tl"( IZ&^Xlts 7 
- KiftWL t tf y hi&B L t05!M^^-b^ (^^'J- 
•te^) * ? E?fLtv^ 0 L"C* 1 otf>-fe;WiBMK$;ft 
/:M»WL • B LO^^mSE (yo/9r/^«») 

1 wl • lBL<08Eix^:*^UIfi»). MmiruIwL* I BL<OfD 

[0 0 0 8] 4fc % RIXIil ■ IblI*. WlfLWL • B 
L O — # £ I c « 8fc I wl* & v * l± I BL**ilt ft tt "C li 

[0 0 0 9] ill IZIU \£y FlBLi:7- KSlWL 
fcOH4>-**y --fe^lSifcRc SrScriHWT-^i-o t 

u> ru %^u± roj o*s«icov>To±ia<o<E^ 

fc*-^<4fctf. ffitffc/iMLl • ML 2 tcjsit^fiB^* 
> h OE¥fiE^JOfca&0£Oj£giRc tix -<7>a 
> ho¥fTEM<ofc*o«ttRc «t *5 

v^ 0 i-fc*>*>> r c ( roj ) <r c ( r i j ) -c* 

[0 0 10] MR AMIi, J t<DWLi>ffi&%$ki&mx~l±^ 

7- K*WL*J:l/lf 7 h^B L<^2»m 

[0 0 1 1] ±^iiF7-^, Wictf. If 

7HIBL (BIO, 1 li, ±^8ftiMLl 

2 («£lf3ft»tt») i:«Lrv^ 0 7-KfiWL4v» 

*att+H«TL«:ao-caiii-6o 

[0 0 12] LT, iOS^jStttHSia^ 
«ttRc#»J«Sit, -^SfitRcii, >h 



4 

SStHRc ( T0J ) <Rc ( ru ) *v*U4R- 
c ( r 1 J ) =Rc ( roj ) +ARc t44o 
[0 0 13] HI 2I±. >- : e , J--t;u* f 7- KjlWLt 

tf v h&b l t<ono&&mmiz-* h »; ? **ttK»it 

[0 0 14] wCOUT-ti, ^ : e , J-rt§(i2oo> : e , J 

-■t/unit-r* ru ^v^Lti roj t Ltof^g 

io 4 (i Rspfrfl* $ ft * £ £ Bf m £ it 

[0 0 15] 

[»9§**»ftLJ: 3 fci-&»H] EI12KBUJIK 
«fc »)^Sft-cv>&^u u-fr-Ji. miftiix 31 

lftl/:7- KUWL tilltfftTtfcf ^ hif&B L t<D&£jZ 

£it* * * y --*r;u£S triKft a *f*t"Cti 4 < . Jgtf 
ft* 7- K*»WLfcv*Lli»tfftrt:lf y hllBLtfii 

[0 0 16] ^0/-*!>. Mtftifz* *V -Jzfri 

m&m&WO'gffi.tztfi!)^ ttzii, ^0>^eu~-fe;uS: 
XEi-AKAK^WEtflt^KkiaiuaiftAttiH C 

[00 17] L*L L*:^. +^4^:§ 

ii?< L*»t*Ltfft^r. Mo hma«"C»fblf 

4^4v^ Q 

[0 0 18] » 4 L < Srv^fttatK Cfc*Ot ^ X> 
t-Dcnjjm*. &mzmi&2iitzMT J 

(EI13#hs) ^>f*-KD (H14#K) 
X^yf >^F7>v^^T (B15#I) £JJ0x.T!£ 
5Si"*Ci:T** (R. ya^-7>f vflfeO Hfr-fe^ 

s ! J- KT> K9-f h ^-f A^«^i4^^eU -TU-fJ 
40 ISSCC, 2 0 0 0*2^, 1 2 8I/R. c. V- 

h>*^»#OMIl*J appl. Phys. Let 
ter74t, 2 5f , 3 8 9 3 -3 8 9 51) o 
[00 19] ^^f Kiv^Lli^^T 7f>^h5 >v 

tbti^^^e i ;~-t:;i' : S:^n^-i:tc*^o dixUJ:»5, 
mi 3<7)MOMT J -b^fcli*tflRW»-^ >^'j--t;u 
50 0»tFt««rfi<a-KCt* c -e*. ^ixizj: 
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mWit&HZizZ < «r *) , -e- LT«*«l»> 14 n s 1H«T 

[0020] l**u y-at- h'*h? >~y*f**<o 

[0 0 2 1] &3fc«0&#r7MSS-C(4. ^TO^^t'J 
-■bfriz&^x&mLX^&ztii. TOJ f^ti 

v^ 0 i^f^rfj^ 1ML 1, TLiiiU-'ML 2 <OJgJHIJ*t- 

± vwmztiz h >*;H£#i;i4, ^i-^&ai: 
xw$m mm) -tz>\xfr*)x-tt%<, -e-ftt-c^ 

fe-r^i ru wait roj i*sii<Dffi 

ftgARc #*K»L<, "9^*4 0%£ 

x-nm-TZo &W-fti\£, £ otitic J: *). >-=eu--fe 

[0 0 2 2] MRAMt li^SO, i^MO^^'J - 
■C»±, MitlitEO«*lBLW4'f)0 TlJ ttz 

14 roj oi$*n«4, -ois^mt ru tcwt 

TV? n-mizttLXlrtiZ'ix^A h^flfttifc (S/ 
NJt) tUSitCi •Jfffcft&o i«03£mS»itiv>L 

ii^«iistEii« ru roj *«H5eW»w** 

[0 0 2 3] L*»U -E-OJ: 7 *#&M\ ^i4*K MT 
J -k;M::.fctt<£>R<*ffi LM-5§-<D^fc]Ul4|&5e6:JK L^ffl 

[0 0 2 4] ±E«MlI.ft -fti 

(itt(;ov^Ti4, r. -> a w -O"fteco HS-feJi' 
v^Hg-g-fcitfFETX-f y^-fcte? 1 0 n 
s 'J- K7> h ? -f A^}f%14^*>J -T l"f J 

15 SCC. 2 0 0 0*2fl, 1 2 8 H ft*: 
i») 14, ^-f 7f 7 >y^?ftlMT J *JW:l 
LTV->T. 1 ofitt^-t^F^cOEIfco^cO 2 o?)K 
IS AM * 'J — -feA" (Complementary memory cell 

>*'J-rt$l4^l >*'J --b;MC -f Lt^'t'J 
-rt^<oa£SB5-. oft). 55eS*i,*>^>J-l*i;gi4 
% 2 * * V - -fe iz m £ & * ft 4 <?> X- i> i> o 
[0 0 2 5] R<M)l>)T-t4, njj<o**>) --tfrtfrnt 
ft, rt§a f &fci£ft*o ci«o^ffiT-«4, ^^muffi^-iJ 
it/m-f-^ifc (S/NJt) 14. _LEKR9JLrt:a*«> 



6 

£i£*i£c9 2te;*:§^o LfrLZtfb. 2-o<D**>)- 
-b;i/j3 J; 2 oox-f yj->y > ->*x * <r>tz£><r>Wi 

n iz. SJoKItild^'J — ten<H 
0^«u^l6* J /h$ < ttf*«fE£ftfcttft(*fc<bfc 

[0 0 2 6] ^<Oi?tri£&frl4, Rifi4«»OMTJ> 

*u--t;p (ii 3#bs) ogesmfbuft-^'v^-cv^ 

£R<MX*K ^■f-S.o L^<&0*>, d(0>^e i J--tr;i' 

^ N fifjx.i4*. roj 5 >^-r<& 0 >^u--t 

jKD7"D^7^/?Jl/; r 0 J ©l*3£*R*fll»K 
co roj fcJtttU tttt^fTV^ ^Lt-froiTi:^ 

[0 0 2 7] tC^Ti^ itO^StOX.St4, R^ttiLfl 
■^O^ftjcOt^H, *i|tLt7'n^7<>^?^ S 
R<^ffi Ltffi t>fti> roj ^ix^ (pre-define) $ 

-e-fttctf), iffciist/tjett^^-tu — t^w* 

[0 0 2 8] T-14, --fc^Offi^lft^ibWf^S 
«r^t-#^-r-5>*-*t-l4, *2«77 , D-fff)M, 

(a) -■fe;KO-t;H*3^*R*-tli L, f&# 

(b) p<*';--t^n-, roj *yn^ 7 ^ 

30 ^-t* 0 

(c) ^tv-t)i'©7'DJ r 7r/ysti/; roj COW 

(d) --fe^HC, TlJ «-7*n^9^> 

y-tz>e 

(e) ^*'J-tMrD^7 5X^J*ifc ru <ort 

(f) ±EO (a) "Cfiiff Lfc-fcfl'rt** (c) HXlf 
(e) -Cffff Lfcflt roj &i.Tf TlJ iJtttL, 

1--5.C Cft(4, *m«IEV r e f £BE*D<7> T0J Jsil/ 
40 rij frhWtfc-t&Z. tiZi. O^T^ft^o ^O^-g-. R 
*m$ft<£> UJ S*:»4 TOJ cO^*DlZt4, *1x?tl¥ 
frnm^ih Lii-f-M/itt50 { tt«^ft4o ^©^t I4> R 
*aj$ft£ TOJ tCOV»Tl4EI 1 6 U, -J-LTR^UJS 

ft* ru iz^^xiim 1 7 u^sft-cv^ao-c* 

^) o 

(g) ita^ft/--fe^rt$i4, «**&*?in±. str^^u 
i&ift, -?-LTR*JtiSftS UJ isitr TOJ i^i 
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[0 0 5 9] -E-ttSSu *%^W^i*l±, SEff<0, BslU 
R^ttfeX *) t$)Cjv9>^IS*^i3V»-CffioTv^o *t 

[0 0 6 0] 03 lis ^^^o^s^^Jfe-r^^toots 

-Ki8l*E0. 4Vi/;liO. 8 VKtt*L4» t&tfcR Z 
e 1 I e^*jO^*>;-*;^tfSo £ <b (c, 
aiifitltlV 1 . »2M»«ipStlV 2. PftV^MO 
S h 9 > v X ? „ is J: -t 'J - * /< v * 

V*CSpeicher £ <b l^lcgljOX -/ f- S 2 

[0 0 6 1] SSl^UjiiflSfyV 1 CO-v^^-^<OA73l±, 
^'f'>fSli:|6]^v^TV>4gii;RZe 1 leSSl- 
Situ fiO^^tfJAtli:!^ tifrivcom 
E34«eifinSii*. ^2MtbiiiPIfyV2O-7^^-X<0A* 
l±, *li»««SVl«)lfi*i:l»Lrv>4. 
-E-O^vXOA^Uli, 1. 6 VOSBE^epjPSftTv* 

[0 0 6 2] EI3 (J3J:a e l8 4**<bBI6 4-C) £ 
^:nft>* ;i/M O S F7>yX^MH J 

i Ot*»*I h 9 > V ^ ^ M 1 ttt ^ 

tt«BSV2 ^ ( + ) A3J<h (-) A2j££A*L}&;i£ 

[0 0 6 3] H^Ob7>y^^Ml^J:U f M2, > ^ 
'J-^rt^v^XCSpe i c h e r . * LT^StX 
>f vf-S 2 **<b jEaftJSgtR no r m=R 

z e i i e (u i) <D*mmz'if>)o mmzx 

O^^U --tr^Off^ffii/iR par a*^Sii"CV^ 0 
[0 0 6 4] « 1 Sittflfi V 1 0/5 ^ A* 4v» Lli 
< + ) Aflfcli. 1 V (79 A) + t*y*v hj «« 
( Toff set-compensation J ) OtEtf^oTV^O 

"C\ MIMMI&V 1 07^*<aA;tl£^^**^L(i 
(-) <DA#t<OFiIHli3^Tti, OVffiTt^o £^ 

[0 0 6 5] #^SilfcifMBV20:/9*OA*fcli* 
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MS V 1 ^xOAtl^&it&ISffix i} N pijx. 

OIE^ffciStfLR n o r mOft^fcftU^ft LTV^ % 
RZe 1 1 e^SLt^Tt^lEUZe I I e, o 

V2<0*/7^(0A*i:ii, WAtf, 1 V + 0. 6 V = 1. 

6v* ff aiin**L* (3fcE-r&) o 

io [0 0 6 6] : ^lEfE^t: <fc*K ^^7fS2 *<BB 
Ctv^tl, »2SBi«(fiBV2lih9>y^^M2 
£»**U ^Oh7>y^^M2C>^'J-t;l/J:jE?| 
i:RCtE, 9lii.tf, 0. 6 V«Tt^ - t**Has 
*t£o + h7yy^^Uti/:> SEUZel 

1 e **"****&<» 

[0 0 6 7] ZftizX *? . h v > vX *M 2 III*, ^^e 

7>yX^M2CJ: ^ ISEftJ&fitR n o r mriMJttttSit 
*e ^>f7fS2* J B<t, jfiSifRno rmli, 
20 y y ^ j'M 2 35r^ Lli ^ ^ 'J - ^r t Ay ^ >X C S p e 

i c h e r KEflt £ i S £ & & <, 

[0 0 6 8] ifc, ff$2£f&**HS»V 20^7X(7)A* 
Ul. 6 Vja^KEE«repjDi-^ii:m: > Mx-lf. 
Z.(D\t)\Z 1 . 3 V*epft]1"&c: ti:J: *K 09x_tf. 
1. 3 VUfclta 2fgig*I^Oi«iiiS?>J: ^ MMZti 
tzm 12S16««SV 1 0*B«*W«Ei-*ifc* t "C*&o 

[0 0 6 9] U3 OElSS^tgOSbflMi, BI2^ffilO«E 

VWL= 1 V**"±£ <£ n I:, 7- K»«r 1 VUIS5e 
30 i-£ iOi:t-5o y^S 1 • S 2 tiM £*>*U 

fc/U7 l/>fOttoai:ii 1 V ****** 
£o » 1 H86ifiia«V 1 o-v-f ^xoA^UIi. r*? 
-tv hj «fltofc*u^«H 1 V ******* ^»* ? *^o 
[0 0 7 0] £fc, 0 4 ti^i-J: -9 ^> SzTlI = 0**. 

[0 0 7 1 ] -e-ottSR-c, 7- mctEUWL 1 = 
o. 4VOTiD?fL, *<n&Wz, ^^ l J--fc;vosts;R 

Z e 1 I e Uisv^TPSTi-^Sffli 1 V (If ? - 
40 0. 4 V (7-Kift) =0. 6V = UH:It^o 

[0 0 7 2] »2J6«l*«»V2li, F7>y^ 

^M2 tatT^li*) IE5SH0. 6 V\lZWT-t2>£ n 

;i/*a&«8ElRZeiieli, h 9 >vX*M2 Srii^mifu 
t|5]i:k^^ Kot, RZel le (U1 = 0. 6 
V) =R«2=Rno rm^tEt^o 
[0 0 7 3] *<F>ht^ 7,4 y^S 2***§§**n. *1MZ 
X 0 ^7>y^^M2i^y f t:> : e , i-^^A'>^y^ 
CSpe i cherC, Rnor m*^#^n*o - O 

so ±n\z LTfthti2>ikmzm5 izmmx-TF-fo 
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[0 0 7 4 ] 7-K»«r, 0. 8VO 

wekk^l* uil2 = o. 8v^Ets:tci 

£ G °t2>t, --fc^OSSuR Z e 1 1 e ?>1tl£l4 

1. 0 V (If* Hll) -0. 8 V (7- K8Q =0. 2 
V£fc& 0 ^< L*C> 1 14. IE*ffcH 

^UiLifUou to.i = lV + U2 (Rnorm/R 
Z e I 1 co.i ) *tt*S1-*o ici^uaau 
tt»*l2 6KHA*LTjjr*-o Uouto.1^* 

mw.i±tit$tzti, r i j ro j m^t it^a 
[0075] ami, -m-r*i roj sitr ru **i 

3gW^#*a**tf&*i»-fe;uRiiefoi5 iVRRentffl 
«*>«fcj}rt-o £*>»£\ itot rij 

<b*tfc*Ei:BIC*SUWL*»ailin**t*. 

[0 0 7 6] ::t% *I»-fe^RRefO*3 -tVRRefliS-t 

OfRAft^tti-fe^Rzelie I*. jEMffcli^-U norm 
(ref 1) , Unorm (ref 1) iJJ: V* U nor 

m (Ze 1 1 e) Sr-fK-PtLO < $ tz-ftzftiZ. 

*t3l»flHB» [~£lbJtf *B« (ref 1) J, £041 M» 
rSKtftlSS (r e f 0) J iUiCFglMINm T^lftii 

♦IS (Z e 1 1 e) J USUSS*L&o Unorm 
(refl) > Unorm (refl) iSitfU n o r 

m.(Z e i 1 e) 14. 

Unorm (refl) = 1 V + (UBL-UWL) 

(R n o r m 1 /R refl) 
Unorm (refl) = 1 V+ (UBL-UWL) 

(R n o r mO/R r e f 0) 
Unorm (Ze 1 le) = 1 V+ (UBL-UWL) 

(Rnormzel le/Rref zel le) 

[0 0 7 7] :HT, jE*ftS*t7t**-fe;b«-?-Un 
orm (re f 0) i5J: U norm (refl) frh 
nbtlkmmm-^U normref = (Unorm (r 
efO) -fUnorm (ref l))/2 tJEm.1t** 

AUistta-fe^R z e 1 1 eM;i/fli^&tJ 
[0 0 7 8] Smt^. BI8*2i3»t*Wfli*1f9^III6&ff 

JStT. IFitBROIfiSOUTi:, TlJ 2*:(4 

[0 0 7 9] H9C^*ft&Pfiifi#iattl4. «*SmEU 
CCfcJOTMRI kOHi:tttt4. *;Uf*l$Un o r 
m (Ze I 1 e) 14. A* I Nfr^COfflf @BUi 
A£*U (Unorm (ref 0) +Unorm (re 
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f i) ) /2tit^ix, mmmmuvzi&xmtioij 

[0 0 8 0] 110, Hill Ofl|/3cT-<4, >^e'J 

-■b^Tl/'f Ufcv*Tii, 7- KHWL**tf y MJBL 
fc3cM1-&-fe^K£^T<a<fc, H«* I wl£ 4 Zf I bl<75 

L, tt*. C10 7- K«aWL4v^L(4Cl<0k: •> b*&B L 

<£> 1 oSr8EK-&«a£/itfCJ4WyD^^ = >yzti%tt 
io v^^U. 7 0 n^ ^ v^aStlwi.is.fctf lBLrt*7- K 
8iWLfc^Ll4fcf ? MSBLt:«t OStfti&o 
[0 0 8 1 ] ^^MRAM^^'J-O^^U 
-•tiVO*««K*5lOOfc«>Ofliai4. $^OMR 

Zel 1 e) (4. --fe/U (RZ e 1 1 e) <7)IEa 

«St1fi^»ff^tLrv^ F7>^^IB (ML M 
2, CSpeicher) U»*S$*lTV*a*iS-e* 

20 [0 0 8 2] Sfc, CC0«jt-C«4, A* (-) ^t^i 
IfrJfMH} (V2) (4> «! (VI) Office 
ML, foSliVIIS (VI) oa»I4**U— fc^ 

(RZel le) hJl*SLTv^r t> <fcv* 0 

[0 0 8 3] 

(4, £lTO#« (IS) «r^"C^&o 

(a) --t^^JgStffi^^^'J --t;uco-t;vrt# 

30 &JgifiHlR n o r miVkfctZo 

(b) > *y --t^oSJ/Lffi^^ --t^o-fe^rt^ 

OSfitfiR (0) Sfc«±R (1) Zikfc-tZo 

(c) Rnorm (0) =R (0) /Rnorm. $ 
liRnorm ( 1 ) =R ( 1 ) /R nor mOJKJffiKJ: 
* ZE&JgSLffi t ffl ^ -c ^^OSfitfi * JESMt 1- * o 

(d) iE«it*ixfc*i»afitR n o rmr e f = (R n 
orm(0) ref+Rnorm(l) ref)/2 

Rnorm (0) i/:liRnorm (1) Srit^ 

40 & 0 

(e) it&fe&lzfcCX, OZtz&l iLtO^t'J- 

[0 0 8 4] *|&9JO«*ifcRK!MU UlT^a 1 ? 

-C$>&o 1"^^*), ±IS (d) OIS1I4, Rnorm 

(0) ^v^LtiR n orm ( 1 ) £x jEa^kS*Lfc»i« 
SStR normref = (Rnorm (0) ref + R 
n o r m (1) ref) / 2 t *> Ig£3"A,-CV* 

Tfc J:v^ 0 ±I2R norm(0) ref & Xlf 

Rnorm (1) refli, 0 * ^ L (4 1 <7>fiS£ t o 
so £«jt-£>j— feJi'*!). _LfE ( c ) OIgi:J: OiE«fkS 
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titzt&fcm.xhhz> 0 
[0 0 8 5] ttz. lE&stftiiw&^ti, 
ufcitso. 6Vto. 8 v t <nm<r>m±x-'Kt>ixz> X 

{tli, «IX0. 2 V<75ep2JD^SK:fcV>-CiilJ;e£*L£i ? 
[0 0 8 6] itz. #S&9ll-*Ji*£MR AM^t'J-O 

--fc;u (R Z e 1 1 e) l-SIS £ *t, ^*«; --t^ (R 
Ze 1 le) WjEa«tttta r «#S*i-Cv*4 h?>5>* 
^0E& (Ml, M2, CSpeicher) JtLtv> 

[0 0 8 7] iOfgiiT-li, V7^'J7.9mHk 

(Ml, M2, CSpe i cher) X >f y (S 
2) =Sr^LT^U)liiiiMgf (V2) <0 £ii ft Tv> 

TfcJ:v\, SfcK, &ftitfW& (V2) (-) 

SUOSl&Jtfffgl (VI) OtBauittSSii, -E-<Dg 
ftjlilitl (V 1 ) (7)A7J*^*U --feJV (R Z e 1 1 
e) tm%ZflX\<*Z X ? HKje**LTV»T<> iv>„ 
[0 0 8 8] S»ittffi8» (V 2, VI) <0f02 

o<OA73(^i±, ^ft^ftH^^JE^EPflnSftTV'T i 
±v> 0 $f>ic, _tf£ h 7 > * 0SS (Ml, M2, C 
S p e i c h e r ) #*2oc7) h 5 (M 1 , M 

2) itLTV^titi:, ;nWl>7>->7^ (M 
1, M2) CV-X • vEBWSFfTfcS&aSftT 
ZLX (RZel le) tffi* (U 
outo.i) t<7>f B 1lc#fti-^ J; n ICJfcoTv^Tfc £ 

[0 0 8 9] ttz. Mf7>v'X? (Ml, M2) <7?r 
-r-Jg^A 1 , X-(7f (S2) J3 l^F? >*JX9m 

(Ml, M2, CSpeicher) Kfctt* > -t'J - 
*t^'v?>^ (CSpeicher) Kji|§$ftTv> 
■Si -9 tcU^£ft-cv>-c<k lv< 0 

[0 0 9 0] *»WO*tt4fcli*»WO«jfiJ;Uv»T 

(±, SSffiM (ui) -cii, ^*'j--t;K7)ig#tR 

i)K SiJcomEfll^ (U2) T-»±, FMSStRc W\ •fefl'rt 

[0 0 9 1] i*UCJ:»K B«LTV>&<TtJ:v>«* 

■feiurtSCJ: GI$*3*i*v»iSStRc (Ul) i:lo 
T, -teM*i£KJ: •)»»£*i*«tftRc (U2) *iES 

H-fft^ft T0J fcv»U± TlJ Tf2&$ft*gig-fc;u 

•9, ru ifcii roj cLto^tv-tJUrtt*^ 
*r t i>-5imx'$>z> 0 
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[EIffi<offii*^i«.^] 

[Hi] --fc^uepflDSftsmiEi, ,*^e'j--b 

895t*5 ± igtfilfc t OffiM M « * ^i" ^ 9 7 -C * 4 . 

[m 2 ] p^'J --tfrOt&iiLt * * 'j --t;w±tcffffi-r 
4ttEi:Otel8IM«*SM-fcau, Mffifit t ®8imi± t 
Ottm®QhZ7v 'J h Ltz777X*>h 0 

[H3] H*ffiL«**iE*ffc-r*fc»o26#igtt032g 

10 [El 4] MT J^^'J— t^itti^^'J— t'V7U 

[115] MT]^t 1 J-t;^tt4> ; e , J--fc*7V 

[13 6] MT J >^e'J -•fc;v£#1- -2>^ *'J --t^r w 

[1173 ru axxf roj tzw-*-*jE«fk*i»«-«g-u 
20 xhfcmtu&&Lm^<nmmt*7si-rwLwmx3bz> 0 

[18] -t^«*WgejEftfk*&HtT<r*+BlWiaT 
[119] **«*0«&<DfctfOJU*:WfcE!»**1-B£ 

^m"C-$>£ 0 

[11 1 0] MTJ^t'J — fe*OflMt*5*i-Bi9!H-ea 

So 

[mil] m i oi:s?Lfcflua»ft»ia»H"c**o 

[mi 2] MT]^*'J --fc^fflW-feJUSSfHSiiSrSrt- 

giB^m-c-*-& 0 

30 [m 1 3] MT j --b;uoft#@Km-c*s 0 

[mi 4] K£toMT J ';--b;KOft# 

[mi 5] h 9 VvX ? £ toMT J -X-t'J --bJKOft 

#ms&mt i $)4o 

[mi 6] &ft©*ftu*j»t* roj <Dfe$a*7fi-tm.w 
mx~$>z>o 

[in] <2rfiK75^ffitci3tt4 ru <o&ntaim-r8iw 
mxhz>o 

40 ra mitmnELspnfrmzmf&ji* 
rp mtmnw-fifrm-teVihtf) 

MR ««tJt 

r* . > * - -t ;KoMisst 

r (o) iS^o^ff^stciJtts^^ 

R (l) ^kilosWTl-Sicisits^* 

50 R n o r m lEMJgStfil 
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U 1 
U 2 

V 1 , V 2 
Ml, M 2 
C S p e i c h e 
R p a r a 
R Z e I I e 
S 1 , S 2 
VWL, UWL 
U o u t o. 1 
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WL 
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I WL 
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